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1
SEMICONDUCTOR DEVICE HAVING
PENETRATING ELECTRODES EACH

PENETRATING THROUGH
SEMICONDUCTOR CHIP

This application claims priority to Japanese patent appli-
cation No. 2012-064108, filed Mar. 21, 2012, the entire con-
tents of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device,
and particularly to a semiconductor device equipped with a
penetrating electrode which is so provided as to pass through
a semiconductor chip.

2. Description of Related Art

Storage capacity required for semiconductor memory
devices such as DRAM (Dynamic Random Access Memory)
has been growing year by year. To satisfy the requirement, in
recent years, a memory device called multi-chip package has
been proposed. In the multi-chip package, a plurality of
memory chips are stacked. However, in the case of the multi-
chip package, wires that connect each memory chip and a
package substrate are necessary. Therefore, it is difficult to
stack many memory chips.

On the other hand, in recent years, a semiconductor device
of'a type in which a plurality of memory chips with penetrat-
ing electrodes are stacked has been proposed. In the semicon-
ductor device of the type, among penetrating electrodes pro-
vided on each memory chip, the penetrating electrodes that
are provided on the same plane position when seen from a
stacking direction are electrically short-circuited. Therefore,
even if the number of chips stacked increases, the number of
electrodes connected to the package substrate does not
increase. Thus, it is possible to stack a larger number of
memory chips.

When the semiconductor chips with penetrating electrodes
are stacked, bump electrodes provided on upper and lower
chips need to be in accurate contact with each other. There-
fore, the chips are stacked as positioning is performed by
referencing alignment marks provided on the upper and lower
chips. There is disclosed in Japanese Patent Application Laid-
Open No. 2005-217071 is a semiconductor device that uses
penetrating electrodes as alignment marks.

However, the alignment marks disclosed in Japanese
Patent Application Laid-Open No. 2005-217071 have a dif-
ferent planar shape from original penetrating electrodes that
are used for transmitting and receiving of signals, power
supply, or the like, such as a cross shape or L-shape. A process
of forming the penetrating electrodes is controlled in such a
way as to most accurately form original penetrating elec-
trodes. Accordingly, if making of alignment marks of a dif-
ferent shape from the original penetrating electrodes is per-
formed in the same process as that of the original penetrating
electrodes as disclosed in Japanese Patent Application Laid-
Open No. 2005-217071, the alignment marks might not be
accurately formed.

If the accuracy of the alignment marks is low, there are
great difficulties in stacking the chips. The alignment marks
are recognized by a recognition camera provided on a flip
chip bonder. However, the devices that are now available in
the market require a dimensional accuracy of 1 pum or less for
alignment marks to enable the recognition camera to accu-
rately recognize the positions. On the other hand, the film
thickness of photoresist used for formation of penetrating
electrodes needs to be about 20 um. As a result, an edge of the
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photoresist becomes tapered. If different planar shapes of the
penetrating electrodes, such as a cross shape or L-shape, are
used, distortion of the shape or the like is likely to occur,
making it difficult to realize a dimensional accuracy of 1 pm
or less.

SUMMARY

In one embodiment, there is provided a semiconductor
device that includes: a semiconductor substrate including a
first surface and a second surface opposite to each other; and
a plurality of first through-substrate vies each penetrating
through the semiconductor substrate from the first surface to
the second surface, each of the first through-substrate vias
including a first bump that protrudes from the first surface of
the semiconductor substrate. The first bumps serve as a first
surface alignment mark formed on the first surface of the
semiconductor substrate.

In another embodiment, there is provided a semiconductor
device that includes: a semiconductor substrate; first and
second conductive patterns provided over a surface of the
semiconductor substrate; a plurality of first through-substrate
vias each penetrating through the semiconductor substrate; a
plurality of second through-substrate vias each penetrating
through the semiconductor substrate; and a plurality of third
through-substrate vias each penetrating through the semicon-
ductor substrate. The first through-substrate vias are arranged
in a first pitch in a first corner portion of the semiconductor
substrate and are coupled in common to the first conductive
pattern. The second through-substrate vies are arranged in the
first pitch in a second corner of the semiconductor substrate
and are coupled in common to the second conductive pattern.
The third through-substrate vies are arranged in a second
pitch that is greater than the first pitch and are supplied
respectively with signals.

In still another embodiment, there is provided a device that
includes: a semiconductor substrate; a plurality of first
through-substrate vies each penetrating through the semicon-
ductor substrate, a plurality of second through-substrate vies
each penetrating through the semiconductor substrate, an
insulating film formed over the semiconductor substrate, the
insulating film including a first opening and a plurality of
second openings, the first opening being located over the first
through-substrate vies, and each of the second openings being
located over a corresponding one of the second through-
substrate vies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a semicon-
ductor device an embodiment of the present invention;

FIG. 2 is a cross-sectional view of a penetrating electrode
TSVI,

FIG. 3 is a cross-sectional view of a penetrating electrode
TSV2;

FIG. 4 is a cross-sectional view of a penetrating electrode
TSV3;

FIG. 5 is a cross-sectional view of a top-surface bump
shown in FIG. 1;

FIG. 6 is a schematic top view of a layout of a principal
surface side of each of core chips CC1 to CC3 shown in FIG.
1

FIG. 7 is a schematic top view of a layout of a back surface
side of each of the core chips CC1 to CC3 shown in FIG. 1;

FIGS. 8A and 8B are top views of layouts of penetrating
electrodes TSV and alignment marks FCM1 and FCM3 pro-
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vided in a region S1 shown in FIGS. 6 and 7 where FIG. 8A
shows a layout of the principal surface, and FIG. 8B shows a
layout of the back surface;

FIG.9 is a cross-sectional view of FIGS. 8A and 8B taken
along line x2 to x2;

FIGS. 10A and 10B are top views of layouts of the pen-
etrating electrodes TSV and alignment marks FCM2 and
FCM4 disposed in a region S2 shown in FIGS. 6 and 7 where
FIG. 10A shows a layout of the principal surface, and FIG.
10B shows a layout of the back surface;

FIGS. 11A and B are top views showing layouts of the
penetrating electrodes TSV and alignment mark FCMS5 pro-
vided in a region 53 shown in FIGS. 6 and 7 where FIG. 11A
shows a layout of the principal surface, and FIG. 11B shows
a layout of the back surface;

FIGS. 12A and B are top views showing layouts of the
penetrating electrodes TSV provided in a region S4 shown in
FIGS. 6 and 7 where FIG. 12A shows a layout of the principal
surface, and FIG. 12B shows a layout of the back surface;

FIG. 13 is a top view showing a layout of a back-surface
alignment mark according to a first modified example;

FIG. 14 is a top view showing a layout of a back-surface
alignment mark according to a second modified example; and

FIG. 15 is a top view showing a layout of a back-surface
alignment mark according to a third modified example.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Preferred embodiments of the present invention will be
explained below in detail with reference to the accompanying
drawings. The following detailed description refers to the
accompanying drawings that show, by way of illustration,
specific aspects and embodiments in which the present inven-
tion may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the
present invention. Other embodiments may be utilized, and
structure, logical and electrical changes may be made without
departing from the scope of the present invention. The various
embodiments disclosed herein are not necessarily mutually
exclusive, as some disclosed embodiments can be combined
with one or more other disclosed embodiments to form new
embodiments.

Referring now to FIG. 1, the semiconductor device 10 of
the embodiment has a structure in which the following com-
ponents are stacked: four core chips CC0 to CC3, which have
the same functions and are produced with the use of the same
production mask; one interface chip IF, which is produced
with the use of a different production mask from that of the
core chips CCO0 to CC3; and one interposer IP. The core chips
CC0to C03 and the interface chip IF are semiconductor chips
for which a silicon substrate is used, and are stacked by a
face-down manner on the interposer IP. The face-down man-
ner means a method of mounting semiconductor chips in such
away that principal surfaces on which electronic circuits such
as transistors are formed face downward, or that the principal
surfaces face the interposer IP’s side.

However, the semiconductor device of the present inven-
tion is not limited to the above structure. The semiconductor
chips each may be stacked by a face-up manner. The face-up
manner means a method of mounting semiconductor chips in
such a way that principal surfaces on which electronic circuits
such as transistors are formed face upward, or that the prin-
cipal surfaces face a side opposite to the interposer IP’s side.
Alternatively, the semiconductor chips stacked by the face-
down manner, and the semiconductor chips stacked by the
face-up manner may exist together.
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The core chips CC1 to CC3 and the interface chip IF other
than the core chip CCO0 placed on the top layer are provided
with large numbers of penetrating electrodes TSV that pass
through a silicon substrate. The penetrating electrodes may be
called penetration electrodes, through-electrodes, through-
vias, through-silicon vias or through-substrate vias. In areas
that overlap with the penetrating electrodes TSV when seen
from a stacking direction in planar view, top-surface bumps
FB are provided on the principal-surface sides of the chips,
and back-surface bumps BB are provided on the back-surface
sides of the chips. The back-surface bumps BB of a semicon-
ductor chip placed on a lower layer are bonded to the top-
surface bumps FB of a semiconductor chip placed on an upper
layer. In this manner, the semiconductor chips that are adja-
cent to each other in the vertical direction are electrically
connected.

According to the present embodiment, the reason why no
penetrating electrode TSV is provided on the top-layer core
chip CCO0 is because there is no need to form a bump electrode
on the back-surface side of the core chip CC0 as the chips are
stacked by the face-down manner. If no penetrating electrode
TSV is provided on the top-layer core chip CCO0 as described
above, the top-layer core chip CC0 can be made thicker than
the other core chips CC1 to CC3 to increase the mechanical
strength of the core chip CCO0. Alternatively a penetrating
electrode TSV may be provided on the top-layer core chip
CC0. In this case, all the core chips CC0 to CC3 can be
produced by the same process.

The core chips CC0 to CC3 are semiconductor chips made
by removing the so-called front-end section, which serves as
an interface with the outside, from circuit blocks contained in
a typical SDRAM (Synchronous Dynamic Random Access
Memory) that operates alone. In other words, the core chips
CC0 to CC3 are memory chips on which only circuit blocks
belonging to the back-end section are integrated. Among the
circuit blocks contained in the front-end section, there are a
parallel-to-serial conversion circuit, which performs parallel-
to-serial conversion of input/output data between a memory
cell array and a data input/output terminal, a DLL (Delay
Locked Loop) circuit, which controls an input/output timing
of data, and the like.

Meanwhile, the interface chip IF is a semiconductor chip
on which only circuit blocks of the front-end section are
integrated, among circuit blocks contained in a typical
SDRAM that operates alone. The interface chip IF functions
as a common front-end section for the four core chips CCO to
CC3. A11 accesses from the outside are conducted through
the interface chip IF, and inputting and outputting of data are
performed through the interface chip IF.

The interposer IP is a circuit board made of resin. On a back
surface IPb thereof, a plurality of external terminals (solder
balls) SB are formed. The interposer IP ensures the mechani-
cal strength of the semiconductor device 10 and functions as
aredistribution substrate to expand an electrode pitch. That s,
substrate electrodes 91 that are formed on a top surface [Pa of
the interposer IP are led out to the back surface IPb via
through-hole conductors 92; rewiring layers 93 that are pro-
vided onthe back surface IPb are designed to expand the pitch
of'the external terminals SB. The areas of the top surface IPa
of'the interposer IP where no substrate electrode 91 is formed
are covered with resist 90a. The areas of the back surface IPb
of the interposer IP where no external terminal SB is formed
are covered with resist 905. FIG. 1 shows only five external
terminals SB. However, a large number of external terminals
is actually provided. The layout of the external terminals SB
is the same as that of a SDRAM determined by the standard.



US 9,252,091 B2

5

Accordingly, an external controller can handle the external
terminals SB as those of one SDRAM.

The gaps between the core chips CC0 to CC3 and interface
chip IF stacked are filled with underfill 94. In this manner, the
mechanical strength is ensured. The gap between the inter-
poser IP and the interface chip IF is filled with NCP (Non-
Conductive Paste) 95. The entire package is covered with
mold resin 96. In this manner, each chip is physically pro-
tected.

The penetrating electrodes TSV provided in the core chips
CC1 to CC3 and interface chip IF are arranged at a slightly
wider pitch PO than the minimum pitch PF, in order to avoid
an increase in the chip size. When the minimum pitch PF is 30
um, the value of the pitch P0 is for example about 40 to 50 pm.
Meanwhile, the substrate electrodes 91 provided on the inter-
poser IP are arranged at a minimum pitch P1 (>P0) that is
allowed according to a wiring rule of the interposer IP, or at a
slightly wider pitch P1 (>P0) than the minimum pitch. The
value of the pitch P1 is for example about 75 to 150 um. FIG.
1 shows eight penetrating electrodes TSV, which are arranged
in lines T1 to T8 in the core chips CC1 to CC3 and interface
chip IF, as well as six top-surface bumps FB, which are
arranged in lines T1 and T0 to T12 in the interface chip IF.
However, greater numbers of penetrating electrodes TSV and
top-surface bumps FB are actually provided. As shown in
FIG. 1, the top-surface bumps FB provided on the interface
chip IF are bonded to the substrate electrodes 91 on the
interposer IP. However, as shown in FIG. 1, some of the
top-surface bumps FB provided on the interface chip IF are
not bonded to the substrate electrodes 91 on the interposer IP.

Most of the penetrating electrodes TSV provided on the
core chips CC1 to CC3 are connected to the top-surface
bumps FB and back-surface bumps BB that are provided at
the same locations in planar view. According to the present
embodiment, the penetrating electrodes of such a kind are
represented by TSV1. In FIG. 1, the penetrating electrodes
TSV1 of such a kind are shown in lines T1 to T8.

Turning to FIG. 2, the penetrating electrode TSV1 is so
provided as to pass through a silicon substrate 80, an inter-
layer insulation film 81, which is provided on a top surface of
the silicon substrate 80, and a passivation film 83, which is
provided on a back surface of the silicon substrate 80.
Although not specifically limited, the penetrating electrode
TSV1 is made of Cu (copper). The top surface of the silicon
substrate 80 serves as a device formation surface on which
devices such as transistors and a multi-level wiring structure
including wiring layers .1 to L4 are formed. Around the
penetrating electrode TSV1, insulation rings 82 are provided
to insulate the penetrating electrode TSV1 from a transistor
region. Instead of providing the insulation ring 82, an insula-
tion film such as silicon oxide film can be provided on the
inner wall of a through-substrate via that is to be filled by the
penetrating electrode TSV.

An end portion of the penetrating electrode TSV1 that is
closerto the back surface of the silicon substrate 80 is covered
with a back-surface bump BB. In the core chips CC1 to CC3,
the back-surface bumps BB are in contact with the top-sur-
face bumps FB provided on upper-layer core chips CCO to
CC2, respectively. In the interface chip IF, the back-surface
bumps BB are in contact with the top-surface bumps FB
provided on the core chip CC3. Although not specifically
limited, the back-surface bumps BB are made of SnAg solder,
which covers the surfaces of the penetrating electrodes TSV1
made of Cu (copper). The top-surface bump FB is connected
to an end portion of the penetrating electrode TSV1 via inter-
connection pads (conductive patterns) M1 to M4, which are
provided respectively as the wiring layers L1 to L4, and a
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plurality of through-hole conductors TH1 to TH3, which
connect the interconnection pads. In the core chips CC1 to
CC3, the top-surface bumps FB are in contact with the back-
surface bumps BB provided on the lower-layer core chips
CC2 and CC3 and the interface chips IF, respectively. In the
interface chip IF, the top-surface bumps FB are in contact
with the substrate electrodes 91 on the interposer IP. Although
not specifically limited, the top-surface bumps FB include a
pillar portion 86 that is made of Cu (copper). A surface of the
pillar portion 86 includes a structure in which layers of Ni
(nickel) and Au (gold) are stacked. The diameter of the top-
surface bumps FB and back-surface bumps BB is about 20
pm.
According to the above configuration, the top-surface
bumps FB and back-surface bumps BB that are provided at
the same locations in planar view are being short-circuited via
the penetrating electrodes TSV1. The pillar portion 86 of a
top-surface bump FB is so provided as to pass through a
passivation film 84. A top surface of the passivation film 84
except a region where the top-surface bump FB is formed is
covered with a polyimide film 85. Incidentally, the connec-
tion to internal circuits not shown in the diagram is realized
via interconnection lines (not shown), which are led out from
the interconnection pads M1 to M3 provided in the wiring
layers L1 to L.3. In the present specification, the wiring layers
L1 to [4 and insulating films intervening therebetween may
be referred to as a multi-level wiring structure.

In that manner, the penetrating electrodes TSV1 are con-
nected to the top-surface bumps FB and back-surface bumps
BB that are provided at the same locations in planar view.
Accordingly, input signals (command signals, address sig-
nals, and other signals) that are supplied from the interface
chip IF via the penetrating electrodes TSV1 are input into the
core chips CCO to CC3 in common. Output signals (such as
data) that are supplied from the core chips CC0 to CC3 viathe
penetrating electrodes TSV1 are subjected to a Wired-OR
operation before being input into the interface chip IF.

Incidentally, in the interface chip IF, the penetrating elec-
trodes TSV1 of such a kind are partially provided. FIG. 1
shows the penetrating electrodes TSV1 provided in lines T1
and T8 of the interface chip IF. The penetrating electrodes
TSV1 provided on the interface chip IF are used mainly for
supplying power supply potential VDD or VSS.

Most of the penetrating electrodes TSV provided on the
interface chip IF are connected to the back-surface bumps BB
that are provided at the same locations in planar view, but not
connected to the top-surface bumps FB that are provided at
the same locations in planar view. According to the present
embodiment, the penetrating electrodes of such a kind are
represented by TSV2. In FIG. 1, the penetrating electrodes
TSV2 provided on the interface chip IF are shown in lines T2
to T7.

Turning to FIG. 3, the penetrating electrode TSV2 is dif-
ferent from the penetrating electrode TSV1 shown in FIG. 2
in that a through-hole conductor TH2, which is designed to
connect the interconnection pads M2 and M3 placed at the
same plane position, has been removed. Therefore, the top-
surface bump FB and back-surface bump BB that are placed
at the same plane position are not short-circuited. The pen-
etrating electrodes TSV2 provided on the interface chip IF are
used mainly for transmitting or receiving signals. That is,
signals output from the internal circuits (not shown) in the
interface chip IF are supplied to the interconnection pad M1
or M2, and are supplied to the core chips CC0 to CC3 via the
back-surface bumps BB. Signals output from the core chips
CC0to CC3 are supplied to the interconnection pad M1 or M2
the back-surface bumps BB, and are input into the internal
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circuits (not shown) in the interface chip IF. The penetrating
electrodes TSV2 are electrodes that are bonded to the top
surface bumps FB provided on the core chip CC3. Therefore,
the array pitch thereof is so designed as to be P0.

Incidentally, the top-surface bumps FB of the penetrating
electrodes TSV2 showninlines T2 to T7 are not bonded to the
substrate electrodes 91 on the interposer IP. In such a case,
there is no need to provide the top-surface bumps FB; as in the
case of a penetrating electrode TSV3 shown in FIG. 4, the
top-surface bumps FB may be removed.

Although not shown in the diagram, some of the above-
described penetrating electrodes TSV2 are used in the core
chips CC1 to CC3. The penetrating electrodes TSV2 pro-
vided on the core chips CC1 to CC3 are used to sequentially
transfer predetermined information to the internal circuits
(not shown) provided on each of the core chips CCO0 to CC3,
and to input unique information. The information includes
chip select signal, defective chip information, and the like.

Furthermore, on the interface chip IF, top-surface bumps
FBa on which penetrating electrodes TSV are not provided at
the same plane positions are provided, too. In FIG. 1, the
top-surface bumps FBa provided on the interface chip IF are
shown in Lines T9 to T12.

Turning to FIG. 5, the top-surface bump FBa provided on
the interface chip IF is connected to the interconnection pads
M4 and M3. Below the interconnection pads M4 and M3, the
interconnection pads M2 and M1, the penetrating electrodes
TSV, and the back-surface bump BB are not provided. The
interconnection pads M4 and M3 are connected to logic cir-
cuits and other circuits in the interface chip IF, which are not
shown in the diagram. The top-surface bump FBa is an elec-
trode bonded to a substrate electrode 91 on the interposer IP.
Therefore, the array pitch thereof is so designed as to be P1.

A procedure of producing the semiconductor device 10
shown in FIG. 1 will be described below. First, the core chip
CC0 is placed on a stage of a flip chip bonder in a face-up
manner. The position thereof is recognized with the help of an
alignment mark put on the surface of the chip. Then, a flip
chip bonding tool is used to pick up the principal surface of
the core chip CC1, or the surface on which the top-surface
bumps FB are formed. The position of the core chip CC1 that
is picked up is recognized with the help of an alignment mark
put on the back surface thereof. After the positions of the core
chips CC0 and CC1 have been recognized, the core chip CC1
is stacked on the core chip CC0 in a face-up manner in such a
way that the top-surface bumps FB of the core chip CCO0 are
accurately placed on the back-surface bumps BB of the core
chip CC1.

Then, the position of the core chip CC1 is recognized with
the help of an alignment mark put on the surface of the chip.
A flip chip bonding tool is used to pick up the core chip CC2.
The same procedure is used to stack the core chip CC2 on the
core chip CC1 in a face-up manner. Similarly, the core chip
CC3 and the interface chip IF are stacked in that order.

Afterthe interface chip IF is stacked, in order to fill the gaps
between the chips, the underfill 94 is injected from the sides.
Then, pressurization baking or the like is performed to cure
the underfill 94.

Then, the substrate electrodes 91 are formed on the top
surface IPa of the interposer IP. For example, it is preferred
that stud bump made of gold (Au) be used as the substrate
electrodes 91. Then, on a stage of a flip chip bonder, the
interposer IP is placed, and the NCP (Non-Conductive Paste)
95 is applied to the top surface IPa on which the substrate
electrodes 91 are formed. In this state, a laminated body made
up of the core chips CCO to CC3 and the interface chip IF,
which is prepared in advance, is stacked on the interposer IP
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in such a way that the top-surface bumps FB are accurately
placed on the substrate electrodes 91. Then, a process of
heating the NCP 95 or any other process is performed to cure
the NCP 95. After that, all the components are covered with
the mold resin 96, and external terminals (solder balls) SB are
formed on the back surface IPb of the interposer IP. In this
manner, the semiconductor device 10 shown in FIG. 1 is
completed.

The alignment marks on the principal surface side of each
of the core chips CC0 to CC3 are made up of the intercon-
nection pads M4 provided on the top wiring layer 1.4. The
alignment marks on the back surface side of each of the core
chips CC1 to CC3 and interface chip IF are made up of the
back-surface bumps BB integrally with the penetrating elec-
trodes TSV3. No alignment mark is required on the back
surface’s side of the core chip CC0. Hereinafter, the configu-
ration of the core chips CC1 to CC3 will be described in detail
with a focus on the alignment marks.

FIG. 6 is a layout of a principal surface side of each of the
core chips CC1 to CC3 and FIG. 7 is a layout of a back-
surface side of each of the core chips CC1 to CC3. Inciden-
tally, the layout shown in FIG. 7 is rotated a layout showed in
FIG. 6 by 180 degrees around line x1-x1 turns out.

Turning to FIG. 6, the core chips CC1 to CC3 each have
eight memory banks BANKO to BANK7. The even-num-
bered memory banks BANKO, 2, 4, and 6 are disposed in an
X-direction along one side [.11 in a Y-direction of each of the
core chips CC1 to CC3. The odd-numbered memory banks
BANK 1, 3, 5, and 7 are disposed in the X-direction along the
other side .12 in the Y-direction of each of the core chips CC1
to CC3. Moreover, between the banks that are adjacent to
each other in the X-direction, row decoders XDEC are dis-
posed to perform row access. Between the banks that are
adjacent to each other in the Y-direction, column decoders
YDEC are disposed to perform column access.

In a central portion of the chip in the Y-direction, so-called
peripheral circuits PE1 are disposed. The peripheral circuits
PE1 include a logic circuit, a power supply circuit, an input/
output circuit, and the like. In regions S0 between the periph-
eral circuits PE1 and the column decoders YDEC which is
located on the memory banks BANKO, 2, 4, and 6 side, a large
number of penetrating electrodes TSV are disposed. The pen-
etrating electrodes TSV disposed in the regions S0 are mainly
made up of penetrating electrodes for power supply, and
penetrating electrodes for signals. For the penetrating elec-
trodes TSV for power-supply, penetrating electrodes TSV1
having the configuration shown in FIG. 2 are used. For the
penetrating electrodes TSV for signal, penetrating electrodes
TSV1 having the configuration shown in FIG. 2 or penetrat-
ing electrodes TSV2 having the configuration shown in FIG.
3 are used.

In regions that are substantially positioned at the center
along sides [.13 and .14 that extend in the Y-direction of each
of the core chips CC1 to CC3, peripheral circuits PE2 are
arranged. The peripheral circuits PE2 include a DFT logic
circuit, a power supply circuit, and the like. In regions S1 to
S4 that are positioned on both sides of each of the peripheral
circuits PE2, support penetrating electrodes TSV are pro-
vided. The support penetrating electrodes TSV are so pro-
vided as to prevent the gaps between the chips from becoming
narrower due to warping of the chips. For the support pen-
etrating electrodes TSV, the penetrating electrodes TSV1
having the configuration shown in FIG. 2 are used.

At corners of the chips that belong to the regions S1 and S2,
top-surface alignment marks FCM1 and FCM2 are provided
on the principal surface’s side. On the back surface’s side,
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back-surface alignment marks FCM3 and FCM4 are pro-
vided. The regions S1 and S2 are positioned at diagonally
opposite corners of the chip.

The planar shape of each of the top-surface alignment
marks FCM1 and FCM2 is a L-shape, each having the same
shape and direction. Accordingly, if the positions of the core
chips CC1 to CC3 are recognized from the principal surfaces’
sides by means of images, the positions and directions of the
chips can be determined. The reason why the directions of the
chips can be determined is that both the top-surface alignment
marks FCM1 and FCM2 have the same direction; and that, if
the chips are rotated by 180 degrees in a plane, both the
directions of the top-surface alignment marks FCM1 and
FCM2 are inverted.

Each of the back-surface alignment marks FCM3 and
FCM4 is made up ofthree penetrating electrodes TSV that are
arranged in a L-shape. According to the present invention, a
plurality of penetrating electrodes TSV that make up the
back-surface alignment marks may be referred to as “first
penetrating electrodes or fourth penetrating electrodes”. A
plurality of penetrating electrodes TSV that are disposed in
the region S0 and used for inputting or outputting correspond-
ing signals may be referred to as “second penetrating elec-
trodes”. A plurality of support penetrating electrodes TSV
that are disposed in the regions S1 to S4 may be referred to as
“third penetrating electrodes”.

As shown in FIG. 7, unlike the top-surface alignment
marks FCM1 and FCM2, the direction of the back-surface
alignment mark FCM3 is 180 degrees different from the
direction of the back-surface alignment mark FCM4 as a
result ofrotation in a plane. However, according to the present
embodiment, in the back-surface alignment marks FCM3 and
FCMA4, the pitches of some of the penetrating electrodes TSV
are different. Accordingly, if the positions of the core chips
CC1 to CC3 are recognized from the back surfaces’ sides by
means of images, the positions and directions of the chips can
be determined. The shape of the back-surface alignment
marks FCM3 and FCM4 will be detailed later.

At a corner of the chip that belongs to the region S3, an
auxiliary alignment mark FCMS5 is provided on the back
surface’s side. The auxiliary alignment mark FCMS is made
up of one penetrating electrode TSV; and a similar auxiliary
alignment mark is not provided in the region S4 that is posi-
tioned at a diagonally opposite corner from the region S3.
Therefore, the auxiliary alignment mark FCMS is used as
auxiliary alignment mark for recognizing a rotation angle in a
plane of the chip. Such an auxiliary alignment mark FCM5
may not be provided. However, as mentioned above, the
directions of the back-surface alignment marks FCM3 and
FCM4 are the same, and the back-surface alignment marks
FCM3 and FCM4 are only slightly different in shape. In some
cases, it may be impossible to recognize whether or not the
chips have been rotated by 180 degrees in a plane. According
to the present embodiment, in order to prevent such misrec-
ognition, the auxiliary alignment mark FCMS5 is provided.

Turning to FIGS. 8A and 8B, in order to make the diagrams
easy-to-understand, the layout of FIG. 8B shows the layout of
the back surface seen through from the principal surface’s
side. Accordingly, the layout of the back surface seen from the
back surface’s side is actually 180 degrees different. The
same is true for FIGS. 10 to 12 described later.

As shown in FIGS. 8A and 8B, the support penetrating
electrodes TSV provided in the region S1 are disposed in a
row at an array pitch of PO over length LS. The array pitch P0
is slightly wider than a minimum pitch PF that can be pro-
cessed. The length LS is determined based on the number of
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penetrating electrodes TSV necessary to stabilize the gaps
between the chips. The length LS is, for example, about 200
um to 1,000 pm.

At the corner of the chip that belongs to the region S1, the
top-surface alignment mark FCM1 is provided on the princi-
pal surface’s side, and the back-surface alignment mark
FCM3 on the back surface’s side. According to the present
embodiment, the top-surface alignment mark FCM1 and the
back-surface alignment mark FCM3 are so disposed as to
overlap with each other in planar view. However, the configu-
ration is not considered essential. However, in the region
where the back-surface alignment mark FCM3 is provided,
transistors, wires, and the like cannot be disposed. If the
top-surface alignment mark FCM1 is so disposed as to over-
lap in planar view, the area of the chip can be effectively
utilized.

Turning to FIGS. 8 A and 9, the top-surface alignment mark
FCM1 is made up of the interconnection pad M4, which is
provided as the top wiring layer 1.4 of the multi-level wiring
structure. The top-surface alignment mark FCM1 is not an
electrode connected to the top-surface bump FB. However, in
order to make it easier to be viewed from the principal sur-
face’s side, in the formation region of the interconnection pad
M4, the polyimide film 85 is removed. Moreover, if the back-
ground pattern of the interconnection pad M4 is uneven, the
background pattern becomes an obstacle for image recogni-
tion. Therefore, the entire interconnection pad M4 is covered
with the interconnection pad M1 (which is formed as the
bottom wiring layer of the multi-level wiring structure) in
planar view. In this manner, the interconnection pad M1 helps
to make the background pattern of the interconnection pad
M4 even, thereby making it possible to perform accurate
image recognition.

Meanwhile, as shown in FIG. 8B, the back-surface align-
ment mark FCM3 is made up of the back-surface bumps BB,
which are end portions of the three penetrating electrodes
TSV. The shape and size of each of the penetrating electrodes
TSV that make up the back-surface alignment mark FCM3
are the same as the shape and size of other penetrating elec-
trodes TSV, such as the signal or power-supply penetrating
electrodes TSV disposed in the region S0, or the support
penetrating electrodes TSV disposed in the regions S1 to S4.
However, at positions that overlap in planar view with the
penetrating electrodes TSV that make up the back-surface
alignment mark, no top-surface bump FB is provided.

The three penetrating electrodes TSV are laid out respec-
tively at corners of an right triangle. The pitch between the
two penetrating electrodes TSV adjacent to each other in the
X-direction and Y-direction are so designed as to be minimum
array pitch PF that can be processed. The first reason why the
penetrating electrodes TSV are laid out at a minimum array
pitch of PF is to make the pattern shape of the penetrating
electrodes TSV different from the pattern of other penetrating
electrodes TSV such as those for signals or power supply. The
second reason is to reduce the area occupied by the alignment
mark FCM3. In order to prevent misrecognition of the back-
surface alignment mark FCM3, it is preferred that the dis-
tance LB shown in FIG. 8B is set to a value not divisible by PF
and P0. In one example, for PF =35 um and P0=40 pm,
LB=135 um and L.S=600 um are possible. In this case, the
distance LA shown in FIG. 8A is for example 152.5 pm. The
distance LA is the distance from the center of the top-surface
alignment mark FCM1 to the center of the nearest support
penetrating electrode TSV.

As shown in FIGS. 8B and 9, the three penetrating elec-
trodes TSV that make up the back-surface alignment mark
FCM3 are connected in common to the interconnection pad
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M1 provided as the wiring layer [.1 after passing through the
following: a silicon substrate 80, an interlayer insulation film
81 thatis provided on a top surface of the silicon substrate 80,
and a passivation film 83 that is provided on a back surface of
the silicon substrate 80. The interconnection pad M1 func-
tions as an etching stopper at a time when through-holes for
the penetrating electrodes TSV are formed in the silicon
substrate 80. It is unnecessary to electrically separate the
three penetrating electrodes TSV that make up the back-
surface alignment mark FCM3 from one another. Moreover,
as mentioned above, if the top-surface alignment mark FCM1
and the back-surface alignment mark FCM3 are so disposed
asto overlap with each other in planar view, it is preferred that
the entire interconnection pad M4 be covered with the inter-
connection pad M1. Therefore, the three penetrating elec-
trodes TSV that make up the back-surface alignment mark
FCM3 are connected in common to the same interconnection
pad M1.

Turning to FIG. 10A, the shape of the top-surface align-
ment mark FCM2 is the same as the shape of the top-surface
alignment mark FCM1 shown in FIG. 8 A. However, the pla-
nar shape of the back-surface alignment mark FCM4 that is
positioned on the back surface thereof is extended in the
Y-direction. The planar shape of the interconnection pad M1
that is so provided as to overlap with the interconnection pad
M4 is extended in the Y-direction accordingly.

Turning to FIG. 10B, the back-surface alignment mark
FCM4 is made up of the back-surface bumps BB, which are
end portions of the three penetrating electrodes TSV as in the
case of the above-described back-surface alignment mark
FCM3. The three penetrating electrodes TSV that make up
the back-surface alignment mark FCM4 are laid out respec-
tively at corners of a right-angled triangle that is not isosceles.
The shape and size of each of the penetrating electrodes TSV
that make up the back-surface alignment mark FCM4 are the
same as the shape and size of other penetrating electrodes
TSV, such as the signal or power-supply penetrating elec-
trodes TSV disposed in the region S0, or the support penetrat-
ing electrodes TSV disposed in the regions S1 to S4.

The three penetrating electrodes TSV are laid out in a
L-shape. The pitch between the two penetrating electrodes
TSV adjacent to each other in the X-direction is so designed
as to be minimum array pitch PF. Meanwhile, the pitch
between the two penetrating electrodes TSV adjacent to each
other in the Y-direction is so designed as to be array pitch PF1,
which is larger than minimum array pitch PF. The reason is
that, if the chips are rotated by 180 degrees, the back-surface
alignment mark FCM4 can be distinguished from the back-
surface alignment mark FCM3. According to the present
embodiment, the direction of the arrangement pattern of the
three penetrating electrodes TSV that make up the back-
surface alignment mark FCM3 is rotated by 180 degrees from
the direction of the arrangement pattern of the three penetrat-
ing electrodes TSV that make up the back-surface alignment
mark FCM4.

According to the present embodiment, the reason why the
direction of the back-surface alignment mark FCM3 is
rotated by 180 degrees from the direction of the back-surface
alignment mark FCM4 is as follows. If the back-surface
alignment marks FCM3 and FCM4 face the same direction as
in the case of the top-surface alignment marks FCM1 and
FCM2, two penetrating electrodes TSV in the back-surface
alignment mark FCM3 or FCM4 need to be disposed at the
central side of the chip, not at the end portion’s side of the
chip. A transistor formed on the silicon substrate 80 needs to
be placed a certain distance away from the penetrating elec-
trodes TSV to prevent changes in characteristics. If the two
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penetrating electrodes TSV are disposed at the central side of
the chip, a region where a transistor can be formed is reduced
accordingly. To solve the problem, according to the present
embodiment, the two penetrating electrodes TSV in both the
back-surface alignment marks FCM3 and FCM4 are disposed
at the end portion’s side of the chip, and one penetrating
electrode TSV at the central side of the chip. As a result, the
back-surface alignment marks FCM3 and FCM4 have shapes
that are rotated by 180 degrees from each other.

If the shape of the back-surface alignment marks FCM3
and FCM4 are exactly the same, the back-surface alignment
marks FCM3 and FCM4 cannot be recognized when the
direction of the chip is rotated by 180 degrees. To solve the
problem, according to the present embodiment, in the back-
surface alignment mark FCM4, the distance between the two
penetrating electrodes TSV adjacent to each other in the
Y-direction is array pitch PF1. As a result, the back-surface
alignment mark FCM4 can be distinguished from the back-
surface alignment mark FCM3. It is preferred that array pitch
PF1 be different from array pitch P0; misrecognition of the
back-surface alignment mark FCM4 is prevented as a result.
In one example, for PF=35 pm and P0=40 pum, then PF1=55
um are possible. In this case, the distance LC shown in FIG.
10B is 110 pm.

Turning to FIG. 11B, at the corner of the region S3, the
auxiliary alignment mark FCMS5, which is made up of one
penetrating electrode TSV, is disposed. In an area of the
principal surface’s side that overlaps with the auxiliary align-
ment mark FCMS5 in planar view, no top-surface bump FB is
formed. The distance LD shown in FIGS. 11A and 11B is for
example 170 pm.

Turning to FIGS. 12A and 12B, in the region S4, no align-
ment mark is provided; the support penetrating electrodes
TSV are arranged.

The above has described the configuration of the core chips
CC1 to CC3. Incidentally, the top-layer core chip CCO0 basi-
cally has the same configuration as the core chips CC1 to
CC3. However, as described above, in the core chip CC0, no
penetrating electrodes TSV are provided. Accordingly, on the
core chip CCO0, no back-surface bumps BB and no back-
surface alignment marks are provided. The layouts of the
top-surface bumps FB and top-surface alignment marks are
the same as those of the core chips CC1 to CC3. On the
interface chip IF, as in the case of the core chips CC1 to CC3,
the back-surface alignment marks are formed by penetrating
electrodes TSV. The chip size of the interface chip IF is not
necessarily equal to the chip size of the core chips CCO to
CC3. The interface chip IF may be smaller than the core chips
CC0 to CC3. However, at least a plurality of back-surface
bumps BB need to be formed in a region corresponding to the
regions SO of the core chips CC1 to CC3.

As described above, according to the present embodiment,
both the back-surface alignment marks FCM3 and FCM4 are
made up of a plurality of penetrating electrodes TSV; the
shape and size of each of the penetrating electrodes TSV are
the same as the shape and size of other penetrating electrodes
TSV. Therefore, if original penetrating electrodes TSV, such
as those for signals, power supply, and the like, are so
designed as to be able to be most accurately formed, the
penetrating electrodes TSV used for the alignment marks can
be accurately formed, too, resulting in an improvement in the
accuracy of the alignment marks and making it possible to
efficiently stack the chips.

Each of the penetrating electrodes TSV that make up the
back-surface alignment marks FCM3 and FCM4 has the
same shape and size as other penetrating electrodes TSV.
Therefore, the effects of distortion on the silicon substrates 80
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can be kept at the same level as for the other penetrating
electrodes TSV. That is, if the size of a penetrating electrode
TSV is large, distortion of a silicon substrate 80 becomes
large due to contraction of an oxide film that makes up the
insulation ring 82, or a difference in expansion coefficient
between the metal and silicon that make up the penetrating
electrode TSV, or the like. Accordingly, if a back-surface
alignment mark is made up of one large-size penetrating
electrode TSV, the characteristics of a nearby transistor may
change, possibly leading to malfunction. According the
present embodiment, such a problem does not arise.

According to the present embodiment, the long sides of the
core chips CCO to CC3 run in the X-direction, and the short
sides in the Y-direction. Therefore, it is desirable that injec-
tion of the underfill 94 be performed into the Y-direction from
the side .11 or L12. In this case, if the support penetrating
electrodes TSV are arranged along the sides .11 and [.12, the
support penetrating electrodes TSV become an obstacle for
injection of the underfill 94. Therefore, the array pitch of the
support penetrating electrodes TSV needs to be designed
wide enough. However, according to the present embodi-
ment, the support penetrating electrodes TSV are arranged
alongthesides .13 and [.14, not along the sides .11 and [.L12.
Therefore, the support penetrating electrodes TSV do not
become an obstacle for injection of the underfill 94. Thus, the
array pitch of the support penetrating electrodes TSV can be
designed narrow enough (or at PO according to the present
embodiment) to ensure a high level of support ability.

The support penetrating electrodes TSV are arranged along
the sides 1.13 and [.14. Therefore, in the central regions that
run along the sides [.13 and [.14, the peripheral circuits PE2
can be disposed. The peripheral circuits PE2 are disposed
next to the peripheral circuit PE1. Therefore, some of circuit
blocks that should originally be disposed in the peripheral
circuit PE1 can be disposed in the peripheral circuit PE2. In
this case, if the required size of the chip except the regions S0
to S4 where the penetrating electrodes TSV are provided is
X0xY0, what is obtained is as follows, as shown in FIG. 6
according to the present embodiment: (X0+2C)xY0'+A. “A”
represents the Y-direction width of the region S0. “C” repre-
sents the X-direction width of the regions S1 to S4 and the
peripheral circuit PE2. “Y 0" is a value slightly smaller than
the Y-direction width Y0 that is originally required. The rea-
son is that, since a part of the peripheral circuit PE1 can be
disposed in the peripheral circuit PE2, the Y-direction width
of'the peripheral circuit PE1 can be reduced. In this case, if the
Y-direction width of the regions S1 to S4 is represented by D,
the overhead associated with the regions S0 to S4 is 4CD+
XO0A. Inthis case, it X0=8 mm, Y 0=6 mm, A=200 um, C=100
pm, and D=500 um, the ratio of the overhead area to X0xY0
can be a small value, or 3.75%.

Turning to FIG. 13, the back-surface alignment mark
according to the first modified example is made up of three
penetrating electrodes TSV that are laid out at apexes of an
isosceles triangle that is not right-angled. The X-direction
distance between the two penetrating electrodes TSV
arranged side by side in the Y-direction, and one remaining
penetrating electrode TSV is so designed as to be PF2 (<PF).
As a result, the amount of overhang toward the chip central
portion becomes smaller, expanding a region where a transis-
tor can be formed.

Turning to FIG. 14, the back-surface alignment mark
according to the second modified example is made by remov-
ing, from the penetrating electrodes TSV shown in FIG. 13,
one of the two penetrating electrodes TSV arranged side by
side in the Y-direction. Even if such a back-surface alignment
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mark is used, the planar position of the back surface’s side of
the chip can be accurately recognized.

Turning to FIG. 15, one of the back-surface alignment
marks is placed at one corner, and is made up of two penetrat-
ing electrodes TSV arranged side by side in the X-direction;
the other back-surface alignment mark is placed at another
corner, and is made up of two penetrating electrodes TSV
arranged side by side in the Y-direction. The array pitch of all
the penetrating electrodes TSV is PF. Even if such back-
surface alignment marks are used, the planar position of the
back surface’s side of the chip can be accurately recognized.

It is apparent that the present invention is not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the invention.

For example, there is described in each of the above
embodiments is a semiconductor device of a type in which the
interface chip IF and the core chips CC0 to CC3 are stacked.
However, the present invention is not limited to the above
type. Accordingly, the type and number of semiconductor
chips stacked are not specifically limited. For example, the
present invention can also be applied to a stacked semicon-
ductor device in which a normal memory chip, which oper-
ates alone, and a memory chip are stacked; a semiconductor
device in which a normal memory chip, which operates alone,
and a controller chip (SoC), which has a function of control-
ling the memory chip, are stacked; and a stacked semicon-
ductor device which includes semiconductor chips other than
memory chips, such as a logic chip and a sensor chip. Fur-
thermore, the technical concept of the present invention is
realized not only in the situation where a plurality of semi-
conductor chips are stacked, but also in a single semiconduc-
tor chip that has not yet been stacked. The reason is that even
a semiconductor chip that has not yet been stacked can
achieve the above-described advantageous effects in the sub-
sequent stacking process. Therefore, the scope of the present
invention is not limited to the semiconductor device stacked.

Moreover, according to the present invention, the layout of
a plurality of penetrating electrodes TSV that make up a
back-surface alignment mark is not specifically limited. As
long as the above layout is not mistaken for the layout of other
penetrating electrodes TSV during image recognition by a
recognition camera, any layout can be used. Therefore, the
array pitch of the penetrating electrodes TSV that make up the
back-surface alignment mark can be designed larger than the
array pitch PO of other penetrating electrodes TSV. While the
array pitch is equal to the array pitch PO of other penetrating
electrodes TSV, any layout that is not available to the other
penetrating electrodes TSV can be used.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate including a first surface and a

second surface opposite to each other; and

a plurality of alignment marks, the plurality of alignment

marks comprising a plurality of first through-substrate
vias, each of the plurality of first through-substrate vias
penetrating through the semiconductor substrate from
the first surface to the second surface, each of the plu-
rality of first through-substrate vias including a first
bump that protrudes from the first surface of the semi-
conductor substrate.

2. The semiconductor device as claimed in claim 1, further
comprising a plurality of second through-substrate vias each
penetrating through the semiconductor substrate from the
first surface to the second surface, wherein

the second through-substrate vias transmit corresponding

signals, and
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the first through-substrate vias are arranged narrower in

pitch than the second through-substrate vias.

3. The semiconductor device as claimed in claim 2, further
comprising:

a plurality of second bumps provided over the second sur-

face of the semiconductor substrate,

wherein each of the second bumps is vertically aligned

with an associated one of the second through-substrate
vias.

4. The semiconductor device as claimed in claim 1, further
comprising:

a first wiring layer provided over the second surface of the

semiconductor substrate; and

a second surface alignment mark provided as the first wir-

ing layer, the second-surface alignment mark being ver-
tically aligned with the first surface alignment mark.

5. The semiconductor device as claimed in claim 2, further
comprising a plurality of third through-substrate vias each
penetrating through the semiconductor substrate from the
first surface to the second surface, wherein

the second through-substrate vias are arranged in a first

direction in a central portion of the semiconductor sub-
strate, and

the third through-substrate vias are arranged in a second

direction in an edge portion of the semiconductor sub-
strate.

6. The semiconductor device as claimed in claim 5,
wherein the third through-substrate vias are arranged sub-
stantially equal in pitch to the second through-substrate vias.

7. The semiconductor device as claimed in claim 1, further
comprising:

a first wiring layer provided over the second surface of the

semiconductor substrate; and

a first conductive pattern provided as the first wiring layer,

wherein the first through-substrate vias are connected in

common to the first conductive pattern.

8. The semiconductor device as claimed in claim 1, further
comprising a plurality of fourth through-substrate vias each
penetrating through the semiconductor substrate from the
first surface to the second surface, each of the fourth through-
substrate vias including a fourth bump that protrudes from the
first surface of the semiconductor substrate, wherein

the fourth bumps serve as second surface alignment mark

on the first surface of the semiconductor substrate,

the first surface alignment mark is arranged at a first corner

portion on the first surface of the semiconductor sub-
strate, and

the second surface alignment mark is arranged at a second

corner portion on the first surface of the semiconductor
substrate.

9. The semiconductor device as claimed in claim 8,
wherein

the first and second corner portions are positioned at diago-

nally opposite corners, and

a layout of the first bumps is different from a layout of the

fourth bumps.
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10. The semiconductor device as claimed in claim 8, fur-
ther comprising an auxiliary alignment mark arranged at a
third corner portion on the first surface of the semiconductor
substrate,

wherein the auxiliary alignment mark includes a fifth bump
of a fifth through-substrate via penetrating through the
semiconductor substrate from the first surface to the
second surface.

11. A semiconductor device comprising:

a semiconductor substrate;

first and second conductive patterns provided over a sur-
face of the semiconductor substrate;

a plurality of alignment marks, the plurality of alignment
marks comprising at least one of a plurality of first
through-substrate vias and a plurality of second through-
substrate vias, each of the plurality of first through-
substrate vias and each of the plurality of second
through-substrate vias penetrating through the semicon-
ductor substrate, the plurality of first through-substrate
vias being arranged in a first pitch in a first corner portion
of the semiconductor substrate and being coupled in
common to the first conductive pattern,

the plurality of second through-substrate vias being
arranged in the first pitch in a second corner portion of
the semiconductor substrate and being coupled in com-
mon to the second conductive pattern; and

a plurality of third through-substrate vias each penetrating
through the semiconductor substrate, the plurality of
third through-substrate vias being arranged in a second
pitch that is greater than the first pitch and supplied
respectively with signals.

12. The semiconductor device as claimed in claim 11,

wherein

the first and second corner portions are positioned at diago-
nally opposite corners, and

a layout of first through-substrate vias is different from a
layout of the second through-substrate vias.

13. The semiconductor device as claimed in claim 12,
further comprising third and fourth conductive patterns,
wherein

the third conductive pattern is vertically overlap with the
first through-substrate vias,

the fourth conductive pattern is vertically overlapped with
the second through-substrate vias.

14. The semiconductor device as claimed in claim 13,

wherein

the first and second conductive patterns and the third and
fourth conductive patterns are formed on different wir-
ing layers,

the third conductor pattern is vertically covered with the
first conductor pattern, and

the fourth conductor pattern is vertically covered with the
second conductor pattern.

#* #* #* #* #*
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